Abstract: Oak forests in the Northwest Iberian Peninsula represent climax communities with a high floristic diversity of vascular plants. This study presents data from 189 botanical samples randomly collected in stands of deciduous and semi-deciduous oak as Quercus robur (98), Q. petraea (50) and Q. pyrenaica (41). Within these stands, 187 species or subspecies were identified, in addition to 20 genera and 68 families, all of them present in forests of Quercus robur. A total of 126 species occur in more than five relevés. The largest number of species corresponds to Poaceae (22), Fabaceae (19) and Rosaceae (14). The biological spectrum is dominated by hemicryptophytes, with mainly Atlantic and Sub-Atlantic floristic elements. The distribution of the stands has been studied by using Two-Way Indicator Species Analysis, obtaining like pseudo-species, with shrubby and arborea form, the following ones: Fagus sylvatica, Castanea sativa, Sorbus aucuparia, Corylus avellana, Crataegus monogyna, Pyrus cordata, Erica arborea, Frangula alnus and Cytisus scoparius.
Introduction
The genus Quercus dominates a large part of the forests in the temperate zone of the Northern hemisphere and in subtropical transition areas. At present, about 400 species are recognized, most of which occur in Mexico and extend all over North America, Europe and most of Asia (Díaz-Maroto et al. 2005) . In the Northwest Iberian Peninsula, the climax vegetation that currently covers the largest area is the broad-leaved forest characterized by various oak species (Buide et al. 1998) . According to palynological studies, these forests were established in the Northwest of the Peninsula between five and seven thousand years ago, after the last glaciation in the Quaternary (Guitián Rivera 1995) .
Historical factors, site conditions, and requirements of the species give rise to different forest types with various floristic compositions and structures (Peterken & Game 1984; Díaz-Maroto 1997; Amigo et al. 2001) . All the forests belong to Querco-Fagetea class (Atlantic Province) with the maximum possible degree of evolution, and they would remain in the current state if environmental conditions did not change (RivasMartínez 1973 (RivasMartínez , 1987 .
The forests correspond to the following phytosociological associations (Fernández & Vázquez 1985; RivasMartínez 1987; Izco et al. 1990; Díaz & Fernández 1994; Rivas-Martínez et al. 2001) (Table 1) & Díaz 1985 . According to EU Directive 92/43/EEC, these forests are habitats of importance to conservation and, consequently, their distribution and floristic diversity knowledge is essential (Díaz-Maroto et al. 2005 .
The surface area covered by these forests has gradually decreased over the historical period with consequent forest fragmentation and decrease in species number (Amigo et al. 2001) , as in other temperate zones (Graae & Sunde 2000; Acar et al. 2004 ). The main reasons for such a decrease were: land clearing for establishment of crops and pastures, timber and firewood extraction, forest fires, unfortunate silvicultural treatments or, more recently, massive reforestation with pine and eucalyptus (Guitián Rivera 1995) . Recently, these forests have increased substantially (DGCONA, 2001 (DGCONA, , 2003 , native hardwood forests account for approximately 27% (375,922 ha) of the total woodland area of Galicia. Quercus robur stands cover an area of 187,789 ha, representing almost 14% total woodland area, and Quercus pyrenaica stands cover an area of 100,504 ha, corresponding to more than 7%. In Asturias, data for genus Quercus suggest that these cover 76,871 ha, 7.25% total woodland area.
Phytosociological studies about these forests are available (Fernández & Vázquez 1985; Izco et al. 1990; Díaz & Fernández 1994; Silva-Pando 1994) , and several authors, such as, Amigo et al. (2001) , Díaz-Maroto (1997) , and Díaz-Maroto et al. (2005 , reported phytosociological and ecological data of oak forests in Spain NW. Pinto Da Silva et al. (1950) , Dantas (1958) and Carvalho et al. (2005) studied these forests in Portugal. The aim of this study was 1) to describe the floristic diversity of vascular species in deciduous (trees whose leaves fall every year) and semi-deciduous (trees whose leaves are dried on the branches, without falling until the beginning of the new foliation) oak forests in Iberian Peninsula NW, and 2) to classify this oak forests according to their overall species composition.
Material and methods

Study area and sampling design
The study area is located in the Northwest Iberian Peninsula. For Quercus robur and Q. pyrenaica, the area covers the whole Galicia, while for Quercus petraea the study area includes sites in Galicia, Asturias and León (Fig. 1) . 189 botanical relevés (Braun-Blanquet 1979) were randomly conducted in stands with varying size: 98 relevés in forests of Quercus robur, 50 in Q. petraea forests, and 41 in Q. pyrenaica ones, with occurrence of hybrids in some cases. The methodology of Braun-Blanquet school was followed (Braun-Blanquet 1979) , so that each of present species was assigned a cover abundance index. The sampled area in each stand was selected following the sampling minimum area method (Muller-Dumbois & Ellemberg 1974) . A minimum area of 100 m 2 was used. Then, species were classified according to Raunkiaer life form classes (Raunkiaer, 1934) , and the corresponding floristic elements were assigned (Rivas-Martínez 1973; Silva-Pando 1994; Buide et al. 1998 ).
Statistical analysis
Two-Way Indicator Species Analysis (TWINSPAN) (Hill 1979 ) available in Community Analysis Package version 3.0 (Pisces Conservation LTD, 2004) was used for classification of relevés. TWINSPAN identifies at each step indicator species -"the set of most highly preferential species that reproduce as good a refined ordination as possible" (Jongman et al. 1995) -to distinguish between stands (Fernández-Alaez et al. 2005) . Number of indicator species, number of relevés per group, and levels of division can be modified in order to obtain the most suitable classification (Pisces Conservation LTD, 2004) . The cover scale values (BraunBlanquet 1979) were grouped into six pseudo-species -"they represent ranks of relative abundance of a species, identified with the same name followed by a number" - (Vermeersch et al. 2003) : zero (absence), one (up to 10% cover), two (10-25%), three (25-50%), four (50-75%) and five (> 75%).
Results
A total of 187 species and 20 genera were identified. Table 2 shows the most frequent taxa, and Table 3 presents the species number according to relevés number in which they occur, with a total of 126 species that occur in more than five relevés. Sixty-eight families were identified within forests of Quercus robur, 40 with Q. pyrenaica but only 30 in Q. petraea forests. Families with the largest species number were: Poaceae (22), Fabaceae (19), Rosaceae (14), Apiaceae (13), Ericaceae (11), Asteraceae (11), Lamiaceae (10), Liliaceae (8) and Scrophulariaceae (6). Figure 2 includes a comparison of the most common families with data, from the Iberian Peninsula NW, reported by other authors. The higher species richness occurred in Quercus robur, Table 1 . Ecological status of the phytosociological associations presents in the study area.
Phytosociological association Ecological characteristics
Myrtillo-Quercetum roboris Present in the Galicia interior and the south, in zones with high continentality and Mediterranean influence. It is mainly developed on granites and schists in cambisol soils of average depth, locating in variable slopes with altitudes between 700-1300 m.
Rusco aculeati-Quercetum roboris Present in the west of Galicia, below the 550-600 m, in areas with a little period of summer drought. It developed on siliceous rocks that give rise to very acid oligotrophic soils.
Blechno spicanti-Quercetum roboris
It is located in the north and east of Galicia and developed on granites, schists, quartzites, etc., that they give rise to deep and developed soils of type cambisol. Present in average slopes, increasing the stoniness with the altitude.
Linario triornithophorae-Quercetum petraeae These forests are located in eastern Galicia (Courel and Ancares), the mountainous area in the south of Asturias and the Leonese side of the Cantabrian Mountain with altitudes between 900-1400 m. They require a high environmental humidity and do not support the summer drought. It developed on siliceous rocks with acid soils and elevated OM %.
Luzulo henriquesii-Quercetum petraeae They are the typical ombrophilous oaks of high-mountain areas with altitudes > 1100 m and located in high slopes. They require a greater humidity than the previous association, and developed on cambisol soils.
Linario triornithophorae-Quercetum pyrenaicae Present in the Galician eastern mountain (Ancares and Courel) with altitudes between 600-1000 m and high precipitations (> 900 mm). They prefer zones of little slope with variable orientations. The soils are less acid and of variable depth from ranker to cambisols.
Holco molli-Quercetum pyrenaicae
It is located in the east and the south of Ourense and in the Lugo southeastern on siliceous and limestone substrates that give rise to very different soils. Present in variable slopes, in any exhibition with altitudes between 500-1300 m, in areas with an important Mediterranean influence and summer drought.
Genisto falcatae-Quercetum pyrenaicae Present in the valley of the Sil river, between 600-1200 m with a high Mediterranean influence. Topographically, it is similar to the previous association being developed also on variable substrates and types of soils. with relevés that have more than 40 species. A maximum of 52 were obtained in a mixed forest of Quercus robur, Fagus sylvatica and Castanea sativa. Within the Q. petraea and Q. pyrenaica forests, the largest species number per relevé was 15 and 20, respectively. The biological spectrum for all the relevés considered as a whole (Fig. 3) is dominated by hemicryptophytes, with 32%; followed by phanerophytes (26%) and chamaephytes (18%); therophytes account for 15%, although this life form corresponds more to the Eurosiberian climate. The least common life forms were geophytes (8%) and hydrophytes. If relevés are analyzed separately for the three oaks (Fig. 3) , the biological spectrum observed for forests of Quercus robur is very similar to the spectrum of the relevés analyzed as a whole, and is dominated by hemicryptophytes (33%), followed by phanerophytes (27%), therophytes (16%), chamaephytes (14%), geophytes (9%) and hydrophytes (1%). However, forests of Quercus petraea and Q. pyrenaica show a larger number of phanerophytes (38% and 33%) than hemicryptophytes (24% and 22%, respectively). Both forest types show a higher percentage of chamaephytes, and a lower percentage of therophytes and geophytes. The chorological spectrum (Fig. 4) shows that the largest groups observed in all the relevés considered as a whole are: Atlantic (29%) and Sub-Atlantic (28%), followed by the Sub-Atlantic/Mediterranean (19%), Eurosiberian (16%) and Mediterranean (8%). For separate, Quercus robur and Q. petraea forests show a chorological spectrum with practically the same sequence as observed in the forests as a whole, i.e., dominance of Atlantic elements (32% in both cases), and low presence of Mediterranean (6% and 7%, respectively). In forests of Quercus pyrenaica, Atlantic (35%) and SubAtlantic (29%) elements dominate, with more Mediterranean (12%) and Eurosiberian (6%). Figure 5 shows the final groups obtained by TWINSPAN to the Quercus robur relevés. Eleven groups were obtained by using a maximum of two indicator species and a minimum of fifteen relevés per group, which resulted in six levels of dichotomous classification. As results, Simenthis planifolia, Melampyrum pratense, Asphodelus albus, Daboecia cantabrica, Corylus avellana, Quercus pyrenaica and Dactylis glomerata were considered as pseudo-species, characterized by their absence. The remaining pseudo-species defined according to presence (Fig. 5) were: Arenaria montana and Viola riviniana (< 25%), Sorbus aucuparia and Pseudarrhenatherum longifolium (≤ 10%), Lithodora postrata and Ruscus aculeatus (≥ 25%), Daboecia cantabrica and Corylus avellana (any presence level), Quercus pyrenaica (≥ 10%), and Dactylis glomerata (≥ 10%).
Eleven final groups were obtained from dichotomous classification of the Quercus petraea relevés (Fig. 6) . A maximum of four indicator species were considered, with a minimum of eight relevés per group. Five levels of division were required. As in Quercus robur, several pseudo-species were characterized by the absence (Fig. 6) , like Pteridium aquilinum and Erica arborea, Lonicera periclymenum and Fagus sylvatica, Ilex aquifolium and Frangula alnus, Luzula sylvatica, Deschampsia flexuosa, Erica arborea and Cytisus scoparius. In addition, the following species were defined as pseudo-species with several presence levels: Pyrus cordata (≤ 10%), Frangula alnus (10%), Corylus avellana (≥ 10%), Lonicera periclymenum and Fagus sylvatica, Erica arborea and Cytisus scoparius (≥ 10%), and Luzula sylvatica and Deschampsia flexuosa (10%).
By applying TWINSPAN to Quercus pyrenaica forests, fifteen final groups (Fig. 7) were obtained by using a maximum of three indicators species and a minimum of five relevés per group, with six levels of classification. Like with the other two studied species, pseudo-species characterized by their absence appeared (Fig. 7) : Arenaria montana, Castanea sativa, Cytisus scoparius, Dactylis glomerata, and Pyrus cordata. Other pseudo-species were defined according to several presence levels: Quercus robur (≤ 10%), Pteridium aquilinum and Castanea sativa (≥ 25%), Arenaria montana (25%), Castanea sativa (10%), Asphodelus albus (≥ 10%), Cytisus scoparius (10%), Frangula alnus (≥ 10%), Crataegus monogyna (10%), Pyrus cordata (≥ 10%), and Dactylis glomerata (10%).
Discussion
The overall species number in the survey (Tables 2, 3) is higher than the number reported by Dantas (1958) , very similar to the results by Díaz-Maroto (1997) , and lower than reported by Amigo et al. (2001) , since they suggest a total of 260 different species or subspecies within the area of deciduous and semi-deciduous oaks in Galicia, but in their study, a higher number of relevés were recorded. The most frequently occurring species (Table 2) were Rubus spp., Pteridium aquilinum, Lonicera periclymenum, Hedera helix, Teucrium scorodonia, Agrostis capillaris, Ilex aquifolium, Erica arborea, Corylus avellana and Vaccinium myrtillus. This coincides closely with data reported by Silva-Pando, (1994), Díaz-Maroto (1997) and Amigo et al. (2001) . Dantas (1958) suggested that the most frequent species were Erica arborea, Anemone trifolia ssp. albida and Pteridium aquilinum, while other species that occurred frequently were Rubus spp., Teucrium scorodonia, Lonicera periclymenum and Holcus mollis. With respect to the number of species per relevé, results are similar to those obtained by Amigo et al. (2001) , with 126 species. However, 91 species occurred only in one relevé (Table 3) , which is a higher value than the 62 species recorded by these authors.
Percentages of species per family practically coincide with the data reported by Silva-Pando (1994), Buide et al. (1998) and Amigo et al. (2001) for Poaceae and, to a lesser extent, for Liliaceae, Ranunculaceae and Rosaceae. However, the percentages obtained for Asteraceae and Scrophulariaceae are lower and for Lamiaceae and Fabaceae are higher (Fig. 2) . This pattern is similar to that reported by Amigo et al. (2001) . The number of Apiaceae (13) and Ericaceae (11) species is higher than reported by Silva-Pando (1994) and Buide et al. (1998) .
In general, the highest species richness is found in the Galician montane bioclimatic belt oak forests, located in zones with steep slopes where forests have remained almost unaltered because environmental conditions have not allowed intensive forest exploitation (Díaz-Maroto et al. 2005 . Regional endemics (Saxifraga spathularis, Eryngium duriaei), Quercus petraea and hybrid Quercus × rosacea Bechst were found in these forests. Conversely, the lowest species richness occurs in stands of Quercus spp., highly altered by wood extraction (Guitián Rivera 1995) . An aspect of interest, well-known the floristic diversity, is to determine the area to conserve and the species number (Zacharias & Brandes 1990) . In this sense, the effect of silviculture is critical because thirty years without forest management are sufficient to change the forest floristic composition (Aude & Lawesson 1998) .
Within the biological spectrum (Raunkiaer 1934) , the value for hemicryptophytes is lower than the value obtained by other authors, while it is higher for phanerophytes (Fig. 3) (Silva-Pando 1994; Buide et al. 1998; Amigo et al. 2001) . Similarities occur in geophytes and hydrophytes, with values that are close to those presented by Silva-Pando (1994) , and lower than reported by Buide et al. (1998) for Galician flora and by Amigo et al. (2001) . Therophytes are scarce because most relevés were conducted in stands located in the zones with Oceanic climate (Zacharias & Brandes 1990) . With regard to the separate analyses of the three oak forests (Fig. 3) , the values obtained for hemicryptophytes are lower, while higher values were obtained for phanerophytes (Silva-Pando 1994; Buide et al. 1998; Amigo et al. 2001) .
The chorological spectrum (Rivas-Martínez 1973) indicates that the Atlantic group was the largest one observed, with 29%, slightly higher than the percentage obtained by Pinto Da Silva et al. (1950) , Silva-Pando (1994) and Amigo et al. (2001) . The Eurosiberian (16%) and Mediterranean (8%) elements are lower (Fig. 4) . However, Mediterranean elements in Quercus pyrenaica forests are 12%, the same as reported by Silva-Pando (1994) , similar to those calculated by Amigo et al. (2001) and higher than obtained by Pinto Da Silva et al. (1950) , revealing their mesophile nature (Kanka 2001) .
Some of the pseudo-species that occur in Quercus robur forests (Fig. 5 ) coincide with those listed by Díaz-Maroto (1997) : Q. pyrenaica, Ruscus aculeatus, Daboecia cantabrica and Melampyrum pratense. The other pseudo-species (Fig. 5) are Sorbus aucuparia, Corylus avellana, Asphodelus albus, Pseudarrhenatherum longifolium, Dactylis glomerata, Simenthis planifolia, Lithodora postrata, Arenaria montana and Viola riviniana. The presence of Quercus pyrenaica characterizes certain forests where both oak species overlap, galician-portuguese coline acidophilous oaklands stretching along a wide zone where they form mixed forests and hybridize easily, giving rise to Quercus × andegavensis Hy (Kanka 2001; . Ruscus aculeatus is the species index in this forests (Rusco aculeati-Quercetum roboris), located in the Atlantic zone of the study area, below 550-600 m, in areas with high precipitation (Izco et al. 1990) (Table 1) . Other pseudo-species (Sorbus aucuparia and Corylus avellana) are present in mid-mountain or high-mountain zones (Fig. 5) , next to Q. petraea and Quercus × rosacea Bechst (Fernández & Vázquez 1985) . These forests correspond to galician-orocantabric coline-montane acidophilous oaklands, Blechno spicanti-Quercetum roboris (RivasMartínez 1987) , present in zones of complicated topography (Table 1) .
The TWINSPAN dendrogram (Fig. 5) showed that, the extreme groups (i.e., groups 1 and 11) reveal some common characteristics. The relevés of these groups are located in the higher portion of the classification and, all of them have at least one species with abundance equal to 5. The pseudo-species in these groups are: Simenthis planifolia, Arenaria montana, Viola riviniana, Melampyrum pratensis and Asphodellus albus, all of them present in the floristic composition of Rusco aculeati-Quercetum roboris (Rivas-Martínez 1987) . The divisions that gave origin to the groups 1 and 11 represent the most significant ones, estimated by the eigenvalue 0.24 and 0.26, respectively (Pisces Conservation LTD, 2004) . This implicates the classification of 21 samples that are most clearly located in the TWINSPAN. A high eigenvalue was found at the level of the divisions of groups 2 and 3 (Fig. 5) . However, the floristic diversity of these groups is not high, without any species with a 5 level (> 75%).
In Quercus petraea forests, TWINSPAN has identified the following pseudo-species (Fig. 6) : Fagus sylvatica, Corylus avellana, Pyrus cordata, Frangula alnus, Cytisus scoparius, Erica arborea, Asphodelus albus, Pteridium aquilinum, Lonicera periclymenum, Luzula sylvatica and Deschampsia flexuosa. In addition, there are others that define division levels, and not groups: Stellaria holostea and Holcus mollis. The frequency of Fagus sylvatica is very high in Quercus petraea stands of Eastern Asturias, which can affect negatively the oak regeneration (Fernández & Vázquez 1985) . These forests belong to the association Linario triornithophorae-Quercetum petraeae, where Corylus avellana, Frangula alnus, Cytisus scoparius, Erica arborea, etc., are also characteristic in montane bioclimatic series of sessile oak, present in the most eastern zone of study area, with altitudes between 900-1400 m, high environmental humidity and absence of the summer drought (Díaz & Fernández 1994) (Table 1 ). This analysis allows assigning this vegetation series to I, II, IV and XI groups (Fig. 6) .
Luzula sylvatica is common in Sierra de Ancares forests (Lugo-León), which are mixed oak forests with large floristic diversity (Silva-Pando 1994) . This species is associated to orocantabric montane acidophilous series of Quercus petraea, Luzulo henriquesii-Quercetum petraeae, ombrophilous oak forests of high-mountain with altitudes > 1100 m (Díaz & Fernández 1994 ) (Table 1). The presence of other index species of this association in the rest of relevés (i.e., Genista polygalihylla, Erica arborea, Daboecia cantabrica, etc.) allows grouping them in this vegetation series (Buide et al. 1998; Rivas-Martínez et al. 2001) .
TWINSPAN dendrogram in sessile oak (Fig. 6 ) is less informative than with pedunculate oak. There is no significant difference between the floristic diversity and the dendrogram location of each sample. In fact, the most significant divisions (higher eigenvalue) mean the classification of the groups VIII, IX and X, the last ones in the extraction process by TWINSPAN and the most clearly located.
At group level, the pseudo-species for Quercus pyrenaica (Fig. 7) are Q. robur, Castanea sativa, Pyrus cordata, Frangula alnus, Crataegus monogyna, Cytisus scoparius, Asphodelus albus, Pteridium aquilinum, Dactylis glomerata and Arenaria montana, and at division level Erica arborea, Rubus spp., Rosa canina, Hedera helix, Lonicera periclymenum and Anemone nemorosa. In some samples (specifically of the groups A, I and M), the following species are present: Quercus pyrenaica with Q. robur, Holcus mollis and Cytisus
